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TheEffectiveness of theDirectionalMicrophone in the
Oticon Medical Ponto Pro in Participants with





Background: Current bone anchored hearing solutions (BAHSs) have incorporated automatic adaptive
multichannel directional microphones (DMs). Previous fixed single-channel hypercardioid DMs in BAHSs
have provided benefit in a diffuse listening environment, but little data are available on the performance of
adaptive multichannel DMs in BAHSs for persons with unilateral sensorineural hearing loss (USNHL).
Purpose: The primary goal was to determine if statistically significant differences existed in the mean
Reception Threshold for Sentences (RTS in dB) in diffuse uncorrelated restaurant noise between
unaided, an omnidirectional microphone (OM), split DM (SDM), and full DM (FDM) in the Oticon Medical
Ponto Pro. A second goal was to assess subjective benefit using the Abbreviated Profile of Hearing Aid
Benefit (APHAB) comparing the Ponto Pro to the participant’s current BAHS, and the Ponto Pro and
participant’s own BAHS to unaided. The third goal was to compare RTS data of the Ponto Pro to data
from an identical study examining Cochlear Americas’ Divino.
Research Design: A randomized repeated measures, single blind design was used to measure an RTS
for each participant for unaided, OM, SDM, and FDM.
Study Sample: Fifteen BAHS users with USNHL were recruited fromWashington University in St. Louis
and the surrounding area.
Data Collection and Analysis: The Ponto Pro was fit by measuring in-situ bone conduction thresholds
and was worn for 4 wk. An RTS was obtained utilizing Hearing in Noise Test (HINT) sentences in uncor-
related restaurant noise from an eight loudspeaker array, and subjective benefit was determined utilizing
the APHAB. Analysis of variance (ANOVA) was used to analyze the results of the Ponto Pro HINT and
APHAB data, and comparisons between the Ponto Pro and previous Divino data.
Results: No statistically significant differences existed in mean RTS between unaided, the Ponto Pro’s
OM, SDM, or FDM (p 5 0.10). The Ponto Pro provided statistically significant benefit for the Back-
ground Noise (BN) (p , 0.01) and Reverberation (RV) (p, 0.05) subscales compared to the participant’s
own BAHS. The Ponto Pro (Ease of Communication [EC] [p , 0.01], BN [p , 0.001], and RV [p , 0.01]
subscales) and participant’s own BAHS (BN [p , 0.01] and RV [p , 0.01] subscales) overall provided
statistically significant benefit compared to unaided. Clinically significant benefit of 5% was present for
the Ponto Pro compared to the participant’s own BAHS and 10% for the Ponto Pro and the participant’s
own BAHS compared to unaided. The Ponto Pro’s OM (p 5 0.05), SDM (p 5 0.05), and FDM (p , 0.01)
were statistically significantly better than the Divino’s OM. No significant differences existed between the
Ponto Pro’s OM, SDM, and FDM compared to the Divino’s DM.
*Division of Adult Audiology, Department of Otolaryngology–Head and Neck Surgery, Washington University in St. Louis School of Medicine
Kristi Oeding, 4566 Scott Ave., Campus Box 8115, St. Louis, MO 63110; Phone: 314-362-7496; Fax: 314-747-5593; E-mail: oedingk@ent.wustl.
edu
The Hearing Aid Research Laboratory at Washington University in St. Louis School of Medicine received funding from Oticon Medical to offset
some of the direct and indirect costs associated with completing this study. In addition, Oticon Medical provided loaner Ponto Pros and reimbursement
of $100 or the Ponto Pro at a significantly reduced cost to participants upon completion of the study.
Portions of this article were presented at a poster session at the annual meeting of the American Auditory Society, March 2012, Scottsdale, AZ, and
at a poster session at the 12th International Conference on Cochlear Implants and Other Implantable Auditory Technologies, May 2012, Baltimore, MD.
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Conclusions: No statistically significant differences existed between unaided, OM, SDM, or FDM. Par-
ticipants preferred the Ponto Pro compared to the participant’s own BAHS and the Ponto Pro and par-
ticipant’s own BAHS compared to unaided. The RTS of the Ponto Pro’s adaptive multichannel DM was
similar to the Divino’s fixed hypercardioid DM, but the Ponto Pro’s OMwas statistically significantly better
than the Divino’s OM.
Key Words: Bone anchored hearing aid, directional microphone, Ponto Pro, single sided deafness,
unilateral sensorineural hearing loss
Abbreviations: APHAB 5 Abbreviated Profile of Hearing Aid Benefit; AV 5 Aversiveness of Sounds;
BAHS5 bone anchored hearing solution; BN5 Background Noise; DM5 directional microphone; EC5
Ease of Communication; FBR 5 front-to-back ratio; FDA 5 Food and Drug Administration; FDM 5 full
directional microphone; HINT 5 Hearing in Noise Test; HRPO 5 Human Research Protection Office;
MIL5most intelligible level; OM5 omnidirectional microphone; PTA5 pure-tone air conduction average;
RTS 5 Reception Threshold for Sentences; RV 5 Reverberation; SDM 5 split directional microphone;
SLM 5 sound level meter; SNR 5 signal-to-noise ratio; USNHL 5 unilateral sensorineural hearing loss;
WRS 5 word recognition score
T
he use of the bone anchored hearing solution
(BAHS) as an amplification option for patients
with unilateral sensorineural hearing loss
(USNHL) has increased in popularity over the last
few years. Since the introduction of BAHS as an ampli-
fication option for USNHL in 2002 (United States Food
and Drug Administration [FDA], 2002), significant
advances have occurred. For the purposes of this study,
USNHL is defined according to FDA guidelines (FDA,
2002), which is normal hearing in one ear (pure-tone
air conduction average [PTA] # 20 dB HL at 500,
1000, 2000, and 3000 Hz) and a sensorineural hearing
loss in the opposite ear (profound sensorineural hearing
loss, poor word recognition, and/or an inability to toler-
ate amplified sound) (Valente, 2007). In the past, BAHSs
have had either an omnidirectional microphone (OM) or
a fixed single-channel hypercardioid directional micro-
phone (DM). Current BAHSs incorporate technology
that is similar to modern conventional hearing aids,
including automatic adaptive multichannel DM, digital
signal processing, and feedback cancellation, and devi-
ces are now programmed via NOAH fitting software
rather than via potentiometers.
Themajor goal of a BAHS for persons with USNHL is
to overcome the head shadow effect when speech is pre-
sented to the side of the poorer ear. When a person is
talking on the side of the poorer ear, the speech signal
must travel around the head to reach the better ear. By
the time the speech signal reaches the better ear, it
has been attenuated overall by 6 dB for spondee words
(Tillman et al, 1963) and as much as 20 dB in the high
frequencies (Feddersen et al, 1957). To overcome this
detriment, the BAHS amplifies sound on the side of
the poorer ear and sends an amplified bone conduction
signal to the cochlea of the better ear so the person does
not have to position someone on the side of the better
ear or have to turn his or her head. Previous studies
comparing OM performance in BAHS to unaided per-
formance for participants with USNHL have reported
significant benefit with a BAHS using a wide variety
of loudspeaker arrays. When examining the situation
of the head shadow effect with speech to the side of
the poorer ear and noise presented from either 0
(Bosman et al, 2003; Hol et al, 2004, 2005; Dumper
et al, 2009; Linstrom et al, 2009; Desmet et al, 2012) or
to the side of the better ear (Newman et al, 2008; Yuen
et al, 2009), it has been well established that the BAHS
overcomes the head shadow effect and performs better
than unaided. One exception, however, is when speech
arrives from 0 (Niparko et al, 2003; Wazen et al, 2003;
Hol et al, 2004, 2005; Lin et al, 2006; Dumper et al,
2009; Linstrom et al, 2009; Desmet et al, 2012) and
noise is presented to the side of the BAHS. In these
studies, the BAHS, on average, performed equal to or
2.5 dB poorer than unaided. In this listening condition,
the BAHS amplifies the unwanted noise, which is then
sent to and received by the cochlea of the better ear and
interferes with the wanted speech signal arriving to the
side of the head with normal hearing. The next chal-
lenge and goal, therefore, of fitting a BAHS on a patient
with USNHL is to determine how to prevent a deterio-
ration in signal-to-noise ratio (SNR) and allow the
patient to wear the BAHS when noise is on the side
of the poorer ear so that he or she does not have to turn
off the BAHS. One feature to help reduce the detrimen-
tal effects of background noise is a DM. A fixed hyper-
cardioid DM was offered as an optional accessory for
the Cochlear Americas’ Compact BAHS and later was
incorporated into a BAHS with the introduction of the
Cochlear Americas’ Divino.
Results from studies examining the benefits of a fixed
single-channel DM in BAHSs have varied. Studies have
examined benefit using different loudspeaker arrays,
and only a few have examined participants with
USNHL. In Linstrom et al (2009), results using the
Hearing in Noise Test (HINT) (Nilsson et al, 1994) were
examined comparing unaided and the Compact’s OM
and DM with HINT noise presented at 65 dBA from
0 and HINT sentences presented to 690. A second
condition examined HINT sentences presented from
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0 and HINT noise presented at 65 dBA from 690. Of
particular interest are the results of the most difficult
listening condition with HINT sentences from 0 and
HINT noise presented to the poorer ear. While OM per-
formance was statistically significantly poorer than
unaided by an average of 2.5 dB (p , 0.01), the DM,
on the other hand, performed poorer, but not signifi-
cantly poorer, than unaided by an average of 1.7 dB.
Compared to OM performance, the DM performed
slightly, but not significantly, better by an average of
0.9 dB. Lin et al (2006) also reported significantly poorer
performance with an OM compared to unaided but
reported no statistically significant differences between
a DM and unaided for the Compact when HINT senten-
ces were presented from 0 and 65 dBA of white noise
was presented to the side of the poorer ear. In Lin et al
(2006), three of 14 participants evaluated with the DM
performed better than unaided; however, this study did
not report the overall mean or any differences between the
means, and this was not statistically significant. In addi-
tion, differences between OM and DM were not reported.
In Oeding et al (2010), the Divino’s OM and DM were
examined with HINT sentences from 0 and uncorrelated
Lou Malnati’s restaurant noise at 65 dBA presented from
either 180 or from eight surrounding loudspeakers (e.g.,
diffuse), including the front loudspeaker. Across these
two loudspeaker array conditions, overall the DM per-
formed statistically significantly better than the OM by
2.3 dB (p , 0.001). A mean Reception Threshold for Sen-
tences (RTS indB) advantage of 2.5dBwas reported for the
DM compared to OM when noise was from 180, and a
mean advantage of 2.1 dB was reported for the DM com-
pared to OM in the diffuse listening condition.
Several studies examined the performance of a fixed
DM inBAHSs in participantswith conductive andmixed
hearing loss. Hodgetts (2005) reported a mean direc-
tional advantage of 7 dB for the Divino’s DM compared
to the Cochlear Americas’ Classic OM and a mean 5 dB
directional advantage for the Divino’s DM compared to
the Divino’s OM when HINT sentences were from 0
and 65 dBA of HINT noise was presented to the side
of the BAHS. Statistical analysis was not provided to
determine if these differences were statistically signifi-
cant. In Kompis et al (2007), unaided, the Compact’s
OM and the Divino’s OM and DMwere compared using
Basler sentences (Tschopp and Zu¨st, 1994) presented at
70 dB SPL from 0 and noise (type undefined) presented
from 180. Results revealed a mean advantage of 6 dB
for the Compact’s OM, 7 dB for the Divino’s OM, and
8 dB for the Divino’s DM relative to unaided (p 5 0.03).
A mean advantage of approximately 1 dB was reported
for theDivino’s DM compared to theDivino’s OM,which
was not statistically significant. Finally, a statistically
significant mean advantage of 2.3 dB (p 5 0.04) was
reported for the Divino’s DM compared to the Com-
pact’s OM.
Compared to the previous fixed single-channel hyper-
cardioid DM, current BAHSs have an automatic adap-
tive multichannel directional microphone that will
theoretically create a polar plot in each specific channel
providing the best SNR based on the listening environ-
ment. Few studies, however, have examined the per-
formance of the adaptive multichannel DM in current
BAHSs. Flynn et al (2011) compared the Divino to the
Cochlear Americas’ BP-100 using the Swedish version
of the HINT (Ha¨llgren et al, 2006) with HINT sentences
from 0 and 65 dB SPL of HINT noise presented from
180. A subgroup of participants with USNHL was
examined, and the Divino’s OM was compared to the
BP-100’s OM and DM. Results revealed a mean advant-
age of approximately 1 dB for the BP-100’s DM com-
pared to the BP-100’s OM and a mean advantage of
2.7 dB (p , 0.01) with the BP-100’s DM compared to
the Divino’s OM. The BP-100’s OM also performed,
on average, 1.7 dB (p , 0.01) better than the Divino’s
OM. This may be due to the position compensation algo-
rithm of the BP-100, which attempts to compensate for
the placement of the BAHS behind the pinna (Flynn
et al 2011). Pfiffner et al (2011) examined the Divino’s
OM and DM and the BP-100’s OM and DM in partici-
pants with conductive and mixed hearing losses with
Oldenburger sentences (Kollmeier and Wesselkamp,
1997) presented from 0 and 65 dB SPL of speech babble
noise presented from 180. The DM of the BP-100 and
Divino revealed a mean advantage of 2.2 dB compared
to their respective OM (p, 0.001). While not compared
statistically, the Divino’s DM and the BP-100’s OM
were found to provide equal benefit, and the DM of
the BP-100 provided a mean 2.2 dB improved RTS com-
pared to the Divino’s DM.
Olsen et al (2011) evaluated differences between the
BP-100 BAHS and the Oticon Medical Ponto Pro BAHS
in participants with conductive, mixed, and USNHL.
The study examined the twoBAHSswith Dantale II sen-
tences (Wagener et al, 2003) arriving from 0 and non-
correlated noise at 70 dB SPL presented from690. The
BP-100’s OM performed, on average, 0.4 dB better than
the BP-100’s DM, which was not statistically signifi-
cant. This is an interesting finding, particularly for
the BP-100, as the more advanced DM performed
poorer than OM. This is contrary to the aforementioned
studies examining a DM compared to OM, which
reported a mean directional advantage of 0.9 to 7 dB
(Hodgetts, 2005; Kompis et al, 2007; Linstrom et al,
2009; Oeding et al, 2010; Flynn et al, 2011; Pfiffner
et al, 2011). This difference may be due to differences
in participant population, loudspeaker arrangements,
speech material, and output level and type of noise.
Also, a statistically significant (p , 0.01) mean advant-
age of 2.5 dB was reported for the DM of the Ponto
Pro compared to the OM of the Ponto Pro. Although
not compared statistically, the DM of the Ponto Pro
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performed, on average, 3.1 dB better than the DM of the
BP-100.
As can be seen, results of current BAHS DM technol-
ogy have been mixed with few reporting results for
patients with USNHL, and the loudspeaker arrays
reported in these studies did not approximate a more
real-world listening environment with background
noise surrounding a participant. A previous study com-
pleted at the researchers’ facility (Oeding et al, 2010)
examined the performance of the fixed single-channel
hypercardioid DM of the Divino in amore real-world lis-
tening environment with HINT sentences from 0 and
uncorrelated Lou Malnati’s restaurant noise at 65 dBA
from an eight loudspeaker array. The current studywas
initiated to evaluate whether the adaptive multichan-
nel DM in current BAHS technology provides improved
benefit in diffuse background noise by replicating the
Oeding et al (2010) study. The Ponto Pro was examined,
which has 15 channels of processingwith ten bands that
can be adjusted in OticonMedical’s GenieMedical fitting
software. Some features of the Ponto Pro include feed-
back cancellation, a program button with the capability
of adding four programs, a volume control wheel, and an
automatic adaptive multichannel directional micro-
phone that has three microphone modes: OM, a split
DM (SDM), and a full DM (FDM). It is important to
emphasize that the OM in the Ponto Pro is not a tradi-
tional OMwhere the output for sounds from the front is
equal to the output for sounds from the sides and
behind. Rather, the OM front-to-back ratio (FBR) pro-
vides high frequency (above 2000 Hz) attenuation for
sounds from behind, and greater output is provided
to sounds from the front (Fig. 1A) to compensate for
the position of the BAHS behind the pinna. The two
DM options in the Ponto Pro provide a different polar
plot in four channels that change based on the listening
environment with the goal to provide the best SNR.
These two DMs also provide differing FBR. The SDM
maintains an OM FBR in the low frequencies, and
directionality is provided in themid-to-high frequencies
(Fig. 1B). The FDM maintains a DM FBR across the
entire frequency range (Fig. 1C) (R. Sockalingam, pers.
comm.). Currently, no peer-reviewed studies have
examined the differences between these three micro-
phone modes (i.e., OM, SDM, and FDM) or compared
the Ponto Pro to a fixed single-channel hypercardioid
DM measured in a diffuse listening environment.
The primary goal of this study was to determine if
statistically significant differences were present in
the RTS (in dB) in uncorrelated diffuse restaurant noise
for HINT sentences between unaided, OM, SDM, and
FDMmicrophone modes of the Ponto Pro. A second goal
was to assess perceived subjective benefit for the Ponto
Pro compared to the participant’s own BAHS and the
Ponto Pro and the participant’s own BAHS compared
to unaided performance utilizing the Abbreviated Pro-
file of Hearing Aid Benefit (APHAB) questionnaire (Cox
and Alexander, 1995). The third goal was to compare
HINT data of the Ponto Pro’s OM, SDM, and FDM to
data reported by Oeding et al (2010) examining the




Twenty participants were recruited fromWashington
University in St. Louis School of Medicine’s Center for
AdvancedMedicine and surrounding clinics via either a
telephone script or letter approved by the Human
Research Protection Office (HRPO). Each participant
Figure 1. Front-to-back frequency response of the OM (A), SDM (B), and FDM (C) of the Ponto Pro coupled to a TU-1000 skull simulator
in the Verifit test box using 65 dB SPL dual noise. The top line represents ouput force level for signals from the front and the lower line
output for signals from behind.
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signed an informed consent form approved by HRPO’s
Institutional Review Board either prior to or at the ini-
tial visit. In order to qualify for entrance into the study,
each participant was required to (a) be 18 yr of age or
older; (b) be a current BAHS user; (c) have an abutment
that is compatible with the Ponto Pro; (d) have USNHL,
which is defined as normal hearing (PTA#20 dB HL at
500, 1000, 2000, and 3000 Hz) with a word recognition
score (WRS) of 90–100% in the better ear and a pro-
found sensorineural hearing loss, poor WRS (,50%),
and/or an inability to tolerate amplified sound in the
poorer ear; (e) be a native English speaker; and (f) be
willing to attend each visit and capable of completing
the APHAB questionnaire.
Otoscopy, pure-tone air conduction (at 250, 500, 1000,
2000, 3000, 4000, 6000, and 8000 Hz) and bone conduc-
tion audiometry, andWRS testing, utilizing the compact
disc recording of the female version of the Northwestern
University Auditory TestNo. 6 (NU-6) word lists (Tillman
and Carhart, 1966) at the participant’s most intelligible
level (MIL), were performed to determine if a partici-
pant qualified for the study. The MIL was determined
using monitored live voice presentation (voice peaking
at 0 dB on the VU meter) by talking to the participant
and asking the participant to indicate when the presen-
tation level was most intelligible and comfortably loud.
A full list was presented if the participant missed more
than two words, otherwise a half list was presented. An
a priori sample size calculation using G*Power 3.0.10
determined that 11 participants were appropriate to
determine statistical significance based on the means,
standard deviations, and correlations determined from
the open ear, diffuse environment condition for OM and
DM from Oeding et al (2010), a two-tailed test, alpha of
0.05 and power of 0.80. Five potential participants could
not participate: one participant had poorer hearing
thresholds than the inclusion criteria in the better
ear; two participant’s abutments were not compatible
with the Ponto Pro; one participant had swelling around
the abutment site and was not medically cleared to par-
ticipate; and one participant developed an infection
around the abutment site during the study and had
to discontinue participation. This left 15 participants
that completed the study. A post hoc sample size anal-
ysis determined that 15 participants were appropriate
to determine statistical significance.
Mean hearing thresholds in the better and poorer ear
and 61 SD are reported in Figure 2. The mean PTA (at
500, 1000, 2000, and 3000 Hz) for the better ear was 9.1
dB HL (SD5 5.3 dB HL) and 91.4 dB HL (SD5 33.4 dB
HL) for the poorer ear. ThemeanWRSwas 98.4% (SD5
3.0%) for the better ear and 3.7% (SD 5 7.7%) for the
poorer ear. Six participants were male and nine were
female with a mean age of 58.8 yr (SD5 10.6 yr). Hear-
ing loss etiology in the poorer ear included Me´nie`re’s
disease (n 5 4), acoustic neuroma (n 5 5), petroclival
meningioma (n 5 1), congenital deafness (n 5 1), sud-
den sensorineural hearing loss (n 5 2), noise induced
hearing loss (n 5 1), and herpes zoster oticus (n 5 1).
Five participants wore the BP-100, six the Divino, three
the Cochlear Americas’ Intenso, and one the Compact.
Participants’ mean years of experience with the BAHS
was 4.0 yr (SD 5 1.8 yr). Nine participants wore the




A TU-1000 skull simulator was utilized to perform
electroacoustic measures of the output force level
(dBmN) of the Ponto Pro’s automatic program and
to test the FBR of the OM (Fig. 1A), SDM (Fig. 1B),
and FDM (Fig. 1C) programs between 250 and
8000 Hz. The TU-1000 skull simulator simulates
properties of the average mastoid bone and overly-
ing tissues (International Electrotechnical Com-
mission [IEC], 1990). The TU-1000 skull simulator
connects to an Audioscan Verifit (which measures
output force level in dB SPL), and the Ponto Pro con-
nects to the TU-1000 skull simulator via an abut-
ment similar to the titanium abutment implanted
in the mastoid (see Ha˚kansson and Carlsson, 1989,
and Stenfelt and Ha˚kansson, 1998, for more detailed
descriptions).
The TU-1000 skull simulator was utilized to verify
that the Ponto Pro was operating properly and to quan-
tify the magnitude of the OM, SDM, and FDM FBRs
prior to fitting the Ponto Pro, at user settings after
the fitting, and before HINT testing was performed.
Prior to electroacoustic measures, the participant’s
Figure 2. Audiogram reporting the mean and 61 SD for pure-
tone air conduction thresholds (dBHL) in the better ear and poorer
ear. Arrows indicate SDs beyond the limits of the audiometer and
audiogram.
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Ponto Pro was dehumidified, and the microphone ports
were cleaned using a MedRx Ultra Vac. A new #13 zinc
air battery was used to ensure the battery was fully
charged prior to testing. The reference microphone of
the Audioscan Verifit was calibrated according to the
Audioscan Verifit User’s Guide version 3.0 (Etymonic
Design Inc., 2007). Next, the Ponto Pro was coupled
to the TU-1000 skull simulator, and the volume control
of the Ponto Pro remained at the default setting of the
volume control range for electroacoustic testing.
The Ponto Pro was placed in the OM, SDM, and FDM
modes via the program button to measure performance
of each program using “dual noise” presented at 65 dB
SPL (Etymonic Design Inc., 2009). The microphones
were deemed to be working properly when the front
measure (top line in Figs. 1A–C) and the back measure
(bottom line in Figs. 1A–C) provided the appropriate
FBR for the respectivemicrophonemode. As can be seen
in Figure 1A, theOMprogram is not a traditional OM in
that directionality is provided above 2000 Hz. SDM pro-
vides an OM response below 1000 Hz and directionality
above 2000 Hz (Fig. 1B), and FDMmaintains direction-
ality above 300 Hz (Fig. 1C).
Ponto Pro Fitting
The Ponto Pro was connected to Oticon Medical’s
Genie Medical fitting software version 2011.1, and
the single sided deafness (SSD) box was selected on
the appropriate side. The Ponto Pro was fit using in-situ
bone conduction measures. A pulsed pure-tone was pre-
sented at 250 to 8000 Hz at all octave and interoctave
frequencies via the Ponto Pro on the participant’s abut-
ment. The participant indicated to the investigator each
time he or she heard the pulsed pure-tone. In-situ bone-
conduction threshold measures were determined utiliz-
ing standard audiometric procedures for determining
pure-tone thresholds. Next, a feedback test was per-
formed, and four programs were programmed into
the Ponto Pro. The first program was an automatic pro-
gram for everyday use; the second programwasOM; the
third program was SDM; and the fourth program uti-
lized the FDM.Noise reductionwas turned off in all four
programs, and the learning volume control function
was disabled.
The indicator tones for the volume control, program
button, and low battery warnings were played to ensure
each was sufficiently audible. Participants practiced
placing and removing the Ponto Pro on their abutment,
using the volume control and program button, and open-
ing and closing the battery door. They were counseled on
the differences between the four programs in the Ponto
Pro and their appropriate use and were encouraged to
try each program in different listening environments.
Participants wore the Ponto Pro for 4 wk prior to final
testing in the R-Space system.
R-Space System
The R-Space system consists of eight Boston Acoustics
CR-65 loudspeakers (dimensions: 257 mm 3 162 mm 3
200 mm; frequency response [63 dB]: 65–20,000 Hz;
crossover frequency: 4200 Hz; woofer: 135 mm copoly-
mer; tweeter: 20mm dome; nominal impedance: 8 ohms)
in a circular array, with each loudspeaker separated by
45 in a 1.97 3 2.54 3 2.73 m double-walled sound suite
(volume 5 14.05 m3) with a reported reverberation time
of 0.19 sec (pers. comm. with Industrial Acoustics Com-
pany). The radius of the circle was 2 ft plus the depth of
the loudspeaker (200 mm). Nine discrete audio channels
(sentences from 0 and noise from all eight loudspeakers)
were delivered from a Macintosh-driven digital audio
workstation, using MOTU Digital Performer 6 software
andaMOTUModel 828 eight-channel FireWireA/D-D/A
converter. All loudspeakers were driven by the individ-
ual channels of a QSC CX168 eight-channel amplifier.
Before calibration of the loudspeaker array, a QC-20
calibrator was used to check the calibration of a Quest
1900 precision sound level meter (SLM) with a 1-in
pressure microphone. The calibrator output was mea-
sured through the SLM and was determined to be
within 60.1 dB of the targeted 94 dB SPL. To calibrate
the loudspeaker system, the pressure microphone was
placed at ear level, with the participant absent, at graz-
ing incidence (pointing up), at the center of the loud-
speaker array. A prerecorded, “nearly” pink noise
signal was presented through each loudspeaker, one
at a time, and the gain of the corresponding amplifier
channel was adjusted so that the SLM registered
84 dBA6 0.2 dB. Once calibrationwas ascertained in this
way, software attenuators within the digital audio pro-
gramming provided the necessary attenuations to pro-
duce the desired nominal presentation level of 65 dBA.
The eight channels of restaurant noise used as compet-
ing noise in this study were recorded simultaneously at
Lou Malnati’s restaurant in Elk Grove Village, IL, using
the patentedR-Space recordingmethod. Eight high-order
directional microphones were placed pointing outward in
a horizontal circular array (one microphone at every
interval of 45), capturing restaurant sounds at points
2 ft from the center of themicrophone array. During play-
back, the natural signal paths were completed in the lab-
oratory by the array of loudspeakers pointing inward
from 2 ft from the center of the array (see Revit et al,
2007 for a complete description of the R-Space recording
and playback methods). As expected in a crowded, parti-
ally reverberant restaurant, the eight simultaneous
channels of restaurant noise consistedmostly of naturally
uncorrelated elements. At times during the restaurant
recording when a nearby talker may have been located
between the pickup patterns of two adjacentmicrophones
in the recording array, the playback of that talker would
be correlated across the corresponding adjacent channels,
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presented as a “phantom center” image between the cor-
responding adjacent loudspeakers. Except for such iso-
lated cases of adjacent-channel correlation (reflecting
what occurred naturally in the restaurant), the signals
in the restaurant simulation were effectively uncorre-
lated (Compton-Conley et al, 2004). Compton-Conley
et al (2004, fig. 4, p. 447) reported that the average
long-term speech spectrum of the R-Space restaurant
noise was similar to the average long-term speech spec-
trum of the HINT sentences.
The purpose for using this continuous noise rather
than the gated noise provided by the HINT recording
was because this continuous noise more closely approx-
imatesa “real-world” listeningcondition.Finally, a lavaliere
microphone was placed near the participant’s mouth so
the examiner could hear the participant’s responses to
the HINT sentences. The R-Space system was cali-
brated prior to each test session.
Hearing in Noise Test (HINT)
TheHINT consists of 250 sentences (25 lists of 10 sen-
tences per list) read by a male speaker. The first 200
sentences (20 lists) were utilized in this study. The sen-
tences are of approximately equal length (six to eight
syllables) and difficulty (first-grade reading level) and
have been digitally recorded for standardized presenta-
tion. The HINT estimates the RTS (in dB) at which sen-
tences, embedded in uncorrelated restaurant noise, can
be repeated correctly 50% of the time.
The administration of the HINT required presentation
of two lists (10 sentences per list) to obtain anRTS for each
of the four experimental conditions. Four lists were pre-
sented for each experimental condition, and the two
RTS values were averaged. The first sentence was pre-
sented at 0 dB SNR with the noise fixed at 65 dBA.
The first sentence was repeated, increasing the level of
presentation by 4 dB, until repeated correctly by the par-
ticipant. Subsequently, the intensity level was decreased
by 4 dB and the second sentence was presented. The stim-
ulus level was raised (incorrect response) or lowered (cor-
rect response) by 4 dB after the participant’s response to
the second through fourth sentences. The first four sen-
tences are used to acclimatize participants to the task
and are not included in the calculation of the final RTS.
The step size was then reduced and fixed at 2 dB after
the fourth sentence, and a simple up-down stepping rule
was continued for the remaining 15 sentences. Calcula-
tion of the RTS is based on averaging the presentation
level of sentences 5 through 20, plus the calculated inten-
sity for a 21st presentation, which is determined by the
response for sentence 20. HINT sentence lists were coun-
terbalanced for each participant.
A repeated measures design was utilized in which
each participant completed testing for each of the four
treatment levels (unaided, OM, SDM, and FDM), and
the order of testing of the four treatment levels was coun-
terbalanced. Participants were blinded to the three aided
conditions by removing the Ponto Pro from the abutment
and changing programs outside the sound suite. The vol-
ume control remained at the default setting for the three
aided conditions, and the Ponto Pro remained at a vertical
position to obtain maximum benefit from the DM for the
entire test session.Theparticipantwas seated in the center
of the R-Space system facing the front (0) loudspeaker,
and head placementwas level with the eight loudspeakers.
Each participant was instructed to face a dot in the center
of the front loudspeaker throughout the entire test session
and told that sentences would be arriving from the front
loudspeaker and restaurant noise would be heard from
all eight loudspeakers. Participants were asked to repeat
the sentence exactly as heard, and if unsure, participants
were instructed to take a guess. Two HINT RTSs were
obtained for eachof the four treatment levels andaveraged.
The final test session was approximately 1.5 hr in length.
At the conclusion of the study, participants were presented
with the option to purchase the Ponto Pro at a significantly
reduced cost or be compensated $100 for participation.
Abbreviated Profile of Hearing Aid
Benefit (APHAB)
The APHAB questionnaire measures the participant’s
impressions of his or her performance in 24 listening
environments for four subscales (with six listening envi-
ronments per subscale): Ease of Communication (EC),
Background Noise (BN), Reverberation (RV), and Aver-
siveness of Sounds (AV). Participants rate howmuch dif-
ficulty they have in each environment when unaided
and/or aided on a seven-point scale, with responses rang-
ing from “always” to “never.” The resulting problem
scores are subtracted from each other to determine the
amount of benefit the participant perceives from the
aided condition compared to unaided or between two
aided conditions. The unaided and two aided portions
(Ponto Pro and the participant’s own BAHS) of the
APHAB were completed at the last visit in an interview
format with the investigator reading the questions while
the participant followed along. One participant did not
complete the unaided portion of the APHAB as the
participant could not remember a time when a hearing
aid was not worn on the poorer ear until a BAHS was
obtained.
RESULTS
Hearing in Noise Test (HINT)
The mean RTS (in dB) and 61 SD for the four listen-
ing conditions of unaided, OM, SDM, and FDM is
reported in Figure 3. A lower RTS indicates better per-
formance in background noise. The mean RTS provided
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for unaided was 1.7 dB (SD 5 1.5 dB), 2.4 dB for OM
(SD 5 1.5 dB), 2.4 dB for SDM (SD 5 1.7 dB), and
1.7 dB for FDM (SD 5 1.3 dB). A repeated measures
analysis of variance (ANOVA) revealed that the mean
differences in RTS for the four listening conditions were
not statistically significant (F(3, 42) 5 2.3; p 5 0.10).
Abbreviated Profile of Hearing Aid
Benefit (APHAB)
Mean benefit scores and 61 SD for the EC, BN, and
RV subscales of the APHAB are reported in Figure 4.
The higher the benefit score (%), the greater the per-
ceived benefit for the respective condition. The results
for the AV subscale were not reported because this sub-
scale has not been found to be as clinically relevant as
the EC, BN, and RV subscales (Cox and Alexander,
1995). A repeated measures ANOVA was performed
for each subscale separately to compare problem scores,
of which the difference between the two problem scores
created a benefit score, between (a) the Ponto Pro
and the participant’s own BAHS, (b) the Ponto Pro
and unaided, and (c) the participant’s own BAHS and
unaided. Results revealed statistically significant dif-
ferences for the main effects of the EC (F(2, 26) 5
9.3, p , 0.01), BN (F(2, 26) 5 35.6, p , 0.001), and
RV (F(2, 26) 5 18.8, p , 0.001) subscales.
Ponto Pro versus Participant’s Own BAHS
The difference between the aided problem scores for
the Ponto Pro and for the participant’s own BAHS on
the EC, RV, and BN subscales was calculated to deter-
mine an aided benefit score between the two hearing
aids. Participants perceived improved mean benefit
with the Ponto Pro compared to their own BAHS on
the EC (7.3%), BN (15.2%), and RV (9.7%) subscales
and Bonferroni-adjusted pairwise comparisons revealed
statistically significantly improved perceived benefit
for the Ponto Pro compared to the participant’s own
BAHS for theBN (p, 0.01) andRV (p, 0.05) subscales,
however, not for the EC subscale (p 5 0.37). According
to Cox and Alexander (1995), results on the APHAB are
considered to be clinically significant if benefit scores
are 5% or greater on the three subscales of EC, BN,
and RV, which means there is a less than 11% chance
that the observations occurred by chance (Cox and
Alexander, 1995). If a 10% or greater difference is
present on all three subscales, there is a less than 4%
chance that observations occurred by chance (Cox
and Alexander, 1995). Thus, the Ponto Pro provided a
clinically significant improvement in perceived benefit
compared to the participant’s own BAHS of 5% or
greater on the EC, BN, and RV subscales. When indi-
vidual benefit scores are examined, seven reported clin-
ically significant benefitwith the Ponto Pro compared to
Figure 3. Mean RTS (dB) (61 SD) for the four listening condi-
tions. A lower RTS indicates better performance in background
noise. Note: There were no statistically significant differences
between unaided, OM, SDM, and FDM (p 5 0.10).
Figure 4. Mean benefit scores (%) (61 SD) for the three APHAB subscales reporting the benefit score for the Ponto Pro compared to the
participant’s own BAHS, the Ponto Pro compared to unaided, and the participant’s own BAHS compared to unaided. The higher the
percentage benefit score, the greater the perceived benefit. *p , 0.05; **p , 0.01; ***p , 0.001.
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the participant’s ownBAHS, and one reported clinically
significant benefit with the participant’s own BAHS.
Ponto Pro and Participant’s Own BAHS
versus Unaided
Participants perceived improved mean benefit with
the Ponto Pro compared to unaided for the EC (22.6%),
BN (43.3%), and RV (31.9%) subscales. Bonferroni-
adjusted pairwise comparisons revealed statistically
significantly improved perceived benefit with the Ponto
Pro compared to unaided for the EC (p, 0.01), BN (p,
0.001), and RV (p , 0.01) subscales. Participants also
perceived improved mean benefit with their own BAHS
compared to unaided for the EC (15.2%), BN (28.1%),
and RV (22.2%) subscales. Bonferroni-adjusted pair-
wise comparisons revealed statistically significantly
improved perceived benefit with the participant’s own
BAHS compared to unaided for the BN (p , 0.01)
and RV (p, 0.01) subscales. There were no statistically
significant differences on the EC subscale (p 5 0.12).
The Ponto Pro and the participant’s own BAHS pro-
vided a clinically significant improvement in perceived
benefit compared to unaided of 10% or greater on the
EC, BN, and RV subscales. When individual benefit
scores are examined, nine reported clinically significant
benefit with the Ponto Pro and eight with their own
BAHS compared to unaided.
Comparison between the Ponto Pro and
Divino Data
Two separate one-way ANOVAs were utilized to com-
pare the results of the OM and DM of the Divino with
the better ear unoccluded in diffuse noise from theOeding
et al (2010) study to the results reported in the current
study for the OM, SDM, and FDM of the Ponto Pro
(Fig. 5). This comparison was made to determine differ-
ences between a fixed single-channel DM and an adap-
tive multichannel DM in BAHS, and the studies were
completed using identical methodology. Note that the
comparisons need to be interpreted with caution as
there may be some unforeseen differences between
the two studies that could have contributed to different
outcomes, and some participants participated in both
studies. The Ponto Pro’s OM, SDM, and FDM per-
formed, on average, 1.6, 1.7, and 2.4 dB better than
the Divino’s OM, respectively, and results from the
ANOVA revealed the Ponto Pro’s OM (F(1, 29) 5 4.1;
p 5 0.05), SDM (F(1, 29) 5 4.1; p 5 0.05), and FDM
(F(1, 29)5 9.3; p, 0.01) provided a statistically signifi-
cantly lower (better) RTS than the mean RTS of the
Divino’s OM. The Ponto Pro’s OM and SDM performed,
on average, 0.5 dB and 0.4 dB poorer than the Divino’s
DM, respectively, and the FDM performed, on average,
0.3 dB better than the Divino’s DM. Results from the
ANOVA, however, revealed no statistically significant
differences between the Ponto Pro’s OM (p 5 0.57),
SDM (p 5 0.60), and FDM (p 5 0.70) compared to
the Divino’s DM.
DISCUSSION
HINT results for the Ponto Pro revealed no statisti-cally significant differences in RTS between
unaided and the three aided microphone conditions.
Unaided and FDM provided a nearly equal RTS (1.7
dB) when rounded to the nearest tenth, and OM and
SDM provided an equal RTS (2.4 dB) when rounded
to the nearest tenth. The mean unaided RTS was, on
average, 0.7 dB better than the OM RTS, which is in
close agreement to the lower end of the range of results
from previous studies that reported the OM performed,
on average, equal to or 2.5 dB poorer than unaided
when noise was presented to the BAHS side (Niparko
Figure 5. Mean RTS (dB) (61 SD) for the OM, DM, and directional benefit comparing results from the Divino Oeding et al (2010) study
and the current Ponto Pro study. A lower mean RTS indicates better performance in background noise. *p 5 0.05; **p , 0.01.
709
Ponto Pro Directional Microphone/Oeding and Valente
Delivered by Ingenta to: Washington University School of Medicine Library
IP : 128.252.16.235  On: Tue, 03 Dec 2013 12:54:49
et al, 2003; Wazen et al, 2003; Hol et al, 2004, 2005;
Dumper et al, 2009; Linstrom et al, 2009; Desmet et al,
2012). For the studies comparing OM to unaided that
examined only participants with USNHL and stated
the model of BAHS used, the Classic (Hol et al, 2004,
2005) and Compact (Niparko et al, 2003; Hol et al,
2004, 2005; Linstrom et al, 2009) performed poorer
by 0.8 dB to 2.5 dB, and the Divino and BP-100 (Desmet
et al, 2012) performed equal to or 0.3 dB poorer. These
results suggest that the OMmicrophone of more recent
models (e.g., Divino and BP-100) performs better in
background noise, which may be due to differences in
the frequency response (compensation for position behind
the pinna) and digital signal processing. The OM of the
Ponto Pro may have performed closer to unaided than
what was reported in the past due to the directionality
provided in the high frequencies (see Fig. 1A), which pre-
vious BAHS OMs did not provide. It is also important to
emphasize that while the results are similar, the listening
environment of the current study was significantly more
difficult with eight surrounding loudspeakers presenting
uncorrelated restaurant noise compared to one loud-
speaker presenting noise to the side of the BAHS. The
Ponto Pro, therefore, appears to perform equally and in
some cases better than results reported in previous stud-
ies examining the OM that were obtained in a signifi-
cantly less difficult listening environment.
When examining the SDM and FDM performance
compared to unaided, SDM performed, on average,
0.7 dB poorer, whereas FDM performed, on average,
equally as well as unaided. A previous study reported
a mean advantage for unaided compared to the DM
of the Compact of 1.7 dB (Linstrom et al, 2009) when
speech was from 0 and noise was presented to the
poorer ear. Kompis et al (2007) reported a mean 8 dB
directional advantage with the DM of the Divino com-
pared to unaided when speech was presented from 0
and noise from 180. The results of the Ponto Pro were
slightly better with SDM (mean difference 5 0.7 dB
poorer than unaided) and FDM (mean difference 5 0 dB)
compared to the mean 1.7 dB advantage for unaided
reported by Linstrom et al (2009). Again, considering
that the current study utilized a more difficult listening
environment indicates an improvement with the Ponto
Pro compared to the Compact. The results from Kompis
et al (2007) are significantly better (mean advantage of
8 dB for DM compared to unaided) than the results
reported for the SDM (mean difference 5 0.7 dB poorer
than unaided) and FDM (mean difference 5 0 dB),
which may be due to differences in loudspeaker arrange-
ment (noise from 180 compared to eight loudspeakers),
participant population (conductive and mixed com-
pared to USNHL), test materials (Basler sentences
compared to HINT sentences), and level and type of
noise (undefined compared to uncorrelated Lou
Malnati’s restaurant noise at 65 dBA).
Results from the current study comparing OM to DM
revealed equal performance between SDMandOMand a
directional advantage, on average, of 0.7 dB for FDMcom-
pared to OM. Previous studies reported a mean direc-
tional advantage of 0.9 to 7 dB relative to OM, and the
lower end of this range is close to the results reported
in the current study (Hodgetts, 2005; Kompis et al,
2007; Linstrom et al, 2009; Oeding et al, 2010; Flynn et
al, 2011; Olsen et al, 2011; Pfiffner et al, 2011).
When compared to Olsen et al’s (2011) study, the Ponto
Promean directional advantagewas greater (2.5 dB) than
the current study (0.7 dB). Differences between the cur-
rent and previous studies may be due to differences in:
(a) loudspeaker arrangement (noise to the BAHS side
[Hodgetts, 2005; Linstrom et al, 2009], 180 [Kompis
et al, 2007; Flynn et al, 2011; Pfiffner et al, 2011] or from
690 [Olsen et al, 2011] compared to eight loudspeakers),
(b) different participant populations (conductive and
mixed hearing loss [Hodgetts, 2005; Kompis et al, 2007;
Olsen et al, 2011; Pfiffner et al, 2011] compared to
only USNHL), (c) speech material (Basler sentences
[Kompis et al, 2007], Oldenburger sentences [Pfiffner
et al, 2011], Swedish HINT sentences [Flynn et al,
2011], or Dantale II sentences [Olsen et al, 2011] com-
pared to HINT sentences), and (d) level and type of noise
(speech babble [Pfiffner et al, 2011] or noncorrelated
noise [at 70 dB SPL; Olsen et al, 2011] compared to
uncorrelated Lou Malnati’s restaurant noise at 65 dBA).
Compared to studies that only examined participants
with USNHL, the DM of the Compact (Linstrom et al,
2009) performed 1.7 dB poorer than unaided when
speech was presented to the front and noise to the side
of the BAHS, which is poorer than the current study.
The DM of the Compact performed 0.9 dB better than
OM when speech was from the front and noise to the
side of the BAHS (Linstrom et al, 2009), the DM of
the BP-100 performed 1 dB better than the OM of
the BP-100, and the BP-100 DM performed 2.7 dB bet-
ter than the Divino’s OM (Flynn et al, 2011) when
speech was from the front and noise from 180. It is
important to once more emphasize that although the
results from the present study did not report as large
a directional advantage compared to previous studies,
the listening condition was significantly more difficult
and the DM of the Ponto Pro performed equally well
to unaided and slightly better than OM.
Results for the APHAB revealed a statistically signif-
icant improvement for the Ponto Pro on the BN and RV
subscales compared to the participant’s ownBAHS. The
Ponto Pro provided statistically significant improve-
ment on the EC, BN, and RV subscales compared
to unaided and the participant’s own BAHS provided
statistically significant improvement on the BN and
RV subscales compared to unaided. The current study
reported a 5% or greater improvement in benefit on
the EC, BN, and RV subscales for the Ponto Pro
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compared to the participant’s own BAHS and a 10% or
greater improvement in benefit for the Ponto Pro and
the participant’s own BAHS compared to unaided.
These results are similar to previous studies that have
also reported a 5% (Bosman et al, 2003; Niparko et al,
2003; Wazen et al, 2003; Baguley et al, 2006; Desmet
et al, 2012) or 10% (Hol et al, 2004, 2005; Newman
et al, 2008; Dumper et al, 2009; Linstrom et al, 2009;
Yuen et al, 2009; Desmet et al, 2012) improvement in
benefit with a BAHS compared to unaided for partici-
pants with USNHL. Results were also similar to the
Oeding et al (2010) study, which reported statistical
and clinical significance (.10%) for the Divino compared
to unaided on the EC, BN, and RV subscales. Overall,
these results suggest that participants perceive improved
benefit with a BAHS compared to unaided and that the
current technology may provide even greater improved
benefit compared to previous BAHS technology.
Of particular interest to the authors were differences
between the current study and a previous study exam-
ining the fixed DM of the Divino that utilized an iden-
tical protocol (Oeding et al, 2010). After acquiring the
results for the Ponto Pro, the researchers were sur-
prised by the differences between the results of the
Ponto Pro compared to the Divino because in Oeding
et al (2010), the Divino reported a 2.1 dB mean direc-
tional advantage relative to OM. The Ponto Pro, how-
ever, did not report a significant directional advantage
with the best DM condition (FDM with a mean direc-
tional advantage of 0.7 dB) relative to OM. To examine
these differences, the results for the OM and DM from
the Oeding et al (2010) Divino study with the similar
condition (better ear unoccluded in diffuse noise) were
compared to the results of the OM, SDM, and FDM in
the current study (Fig. 5). Statistical analysis revealed
statistically significant improved performance with
the Ponto Pro’s OM, SDM, and FDM compared to
the Divino’s OM. No statistically significant differen-
ces were reported between the Divino’s DM and the
Ponto Pro’s OM, SDM, or FDM. The Ponto Pro’s
OM, SDM, and FDM performed 1.6, 1.7, and 2.4 dB
better than the Divino’s OM. While there were no sig-
nificant differences between theOMandDMof thePonto
Pro as was reported in the Oeding et al (2010) study for
theDivino, the reason for thismay be related to themean
improvement in performance of the Ponto Pro’s OM, as
well as differences in frequency response and individu-
alized programming of the Ponto Pro compared to a non-
individualized programming of the Divino.
When the OM FBR frequency response of the Divino
(Fig. 6) and Ponto Pro are compared (Fig. 1A), some sig-
nificant differences appear. The OM of the Ponto Pro
provides directionality above 2000 Hz, whereas the
OM of the Divino does not provide any directionality.
The frequency response of the two devices is also differ-
ent as they both have a peak around 1000 Hz, however,
the Divino provides a gradually sloping response beyond
this peak in the low and mid-to-high frequencies, while
the Ponto Pro provides a sharply sloping decrease below
1000 Hz and provides increased output from 2000 to
6000 Hz for signals arriving from the front. The direc-
tionality of the Ponto Pro’s OM along with the increased
output in the mid-to-high frequencies may account for
the improved sentence recognition performance of the
Ponto Pro’s OM (2.4 dB) compared to the Divino’s
OM (4.1 dB). Because the Ponto Pro’s OM provided a
significantly lower RTS than the Divino’s OM, the dif-
ferences between the Ponto Pro’s OM and SDM and
FDM were much smaller relative to those reported
for the Divino.When the absoluteRTS values are exam-
ined rather than the relative directional advantage, the
Ponto Pro’s DM performed equally as well as the
Divino’s. This indicates that the adaptive multichannel
DM of the Ponto Pro performed equally as well as the
fixed single-channel hypercardioid DM of the Divino.
This finding is in agreement with previous studies that
examined differences in HINT RTS between a fixed
(cardioid or hypercardioid) DM and an adaptive DM
in conventional hearing aids (Ricketts and Henry,
2002; Bentler et al, 2004; Bentler et al 2006). Overall,
these studies reported that the fixed DM performed
equally as well as an adaptive DM in diffuse noise.
When noise is outside of the null of the fixed DM, how-
ever, the adaptive DM performed better. For example,
in Ricketts and Henry (2002), a fixed cardioid DM was
compared to an adaptive DM in the Phonak Claro 211
dAZbehind-the-ear hearing aid. The twoDMsperformed
Figure 6. Front-to-back frequency response of the OM of the
Divino measured on a TU-1000 skull simulator in the Verifit test
box using 65 dBSPLdual noise. The thicker line represents output
provided to signals from the front, and the thinner line represents
output provided to signals from behind.
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equally well in diffuse noise and when noise was pre-
sented from 180, but when noise was presented to the
side the adaptiveDMperformed significantly better than
the fixed cardioid. This is because the prominent null of
the cardioid microphone is from 180 and not from the
side. These results could be similar for the adaptive
DM in BAHS in that certain environments may benefit
an adaptive DM compared to the previous fixed DM
depending on where noise is arriving in the environ-
ment. This could be an advantage forBAHSusers as they
could potentially have a more favorable SNR in different
listening environments with an adaptive DM compared
to a fixed DM. Future research should examine whether
different noise azimuths cause significant differences in
RTS between a fixed DM versus an adaptive DM in a
BAHS.
CONCLUSION
There were no significant differences in the RTSusing the HINT in diffuse uncorrelated restaurant
noise between unaided and the Ponto Pro’s OM, SDM,
or FDM, and there were no significant differences
between the three aided conditions. Results on the
APHAB revealed statistically significantly improved
perceived benefit for the Ponto Pro compared to the par-
ticipant’s own BAHS on the BN and RV subscales as
well as clinical significance on all three subscales. No
statistically significant differences were present for
the EC subscale. The Ponto Pro also provided a statisti-
cally significant improvement on the EC, BN, and RV
subscales as well as clinical significance on all three
subscales compared to unaided. The participant’s own
BAHS provided a statistically significant improvement
on the BN and RV subscales and a clinically signifi-
cant improvement on all three subscales compared
to unaided. No statistically significant differences were
present for the EC subscale. While the HINT RTS
results for the Ponto Pro did not report a significant
directional advantage for Ponto Pro compared to the
Divino (Oeding et al, 2010), these differences are likely
due to the directionality and improved output in the
mid-to-high frequencies of the Ponto Pro’s OM com-
pared to the Divino’s OM. These results show that
the adaptive multichannel DM of current BAHS tech-
nologies is at least equal to or slightly (but not signifi-
cantly) better than previous BAHS fixed hypercardioid
single-channel DMs. Also, the OM of the Ponto Pro also
provides improved performance in background noise
compared to the Divino’s OM.
Of the 15 participants in this study, eight partici-
pants decided to purchase the Ponto Pro. Of these eight
participants, two wore the BP-100, four the Divino, and
two the Intenso. Reasons for purchasing the Ponto
Pro included improvement in feedback management,
sound quality, and decreased static noise from the
microphones. This suggests an improvement in per-
ceived benefit for some of the participants compared
to previous BAHS and even the newer BP-100. Future
studies should examine the BP-100’s adaptive multi-
channel DM in a similar diffuse listening environment
to determine differences between the BP-100 and Ponto
Pro in a difficult listening environment. Another area
for future research is to examine differences in RTS
between a fixed and adaptive DM in a BAHS using dif-
ferent noise azimuths.
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